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LAODELE«}THEINACTR%WK»JOFE%@HERKEHACXMJ'
O157: H7 on INOCULA’FED ALFALFA SEEDS
- DURING ExPOSURE TO OZONATED OR
| ELECTROLYZED OX_I:DI_ZING_ WATER

R. K. Sharma, A. Demirci, V. M. Puri, L. R. Beuchat, W. F. Feit

_ ABSTRACT. Affalfa sprouis contaminated with Escherichiu coli Q157:H7 and Salmonella have been implicared i u number
- of foodborne disease outbreaks in recent years. Seeds are atiributed to be ihe main source of contamination for sprowts. Data
Jrom studies on the treatment of E. coli 0157:H7 inoculated alfalfa seads with ozonated-and electrolyzed oxidizing (EG) water .
were used to develop models for predicring inactivation of the pathogen. Treamment times of 0 to. 16 min were used for ogorated
- water at initial concentrations of 0 to 21 ppm. For EQ water treatments, 010 19 amperage (A} data at treatment times of 0t
32 min were used to develop the models. A modified Meonod model for bacterial death kinetics was developed by integrating
the rate constant (k) ay a Loventéion function” of treatment time (1). Regression. constants for the Lorentzian fwzcrzon were.: -
determined at various ogone concentrdtions (ppm)or A. Yalidation showed thar the model was an effective predicior at ozone
“concentrations below 8 pprt, As o yecond method, a fesponse surface wodel (RSM) woas wrilized for which an RSM regression
was performed between observed logoN/Ni and ppm.{ozone) or A (EQ water) and treatment timie. A quadratic eguation
involving linear, quadratic, aid interaction terms of the influencing parameters represented the model for ozonated and EO
water treatments. The models were validated by back predicting logroN/N, valués; Although numerous other factors.infhience.
. the-aecyracy of prediction of the models, these models can be useful tools to researchers and regulators for. the developmeni .
of improved seed sanitizing guidelines by facilitating assessment of efficacy of a treatment and. mhancmg f@od safefv.

‘ Keywnrdq Alfalfa, B. coli GI57: H7 Inacrivation; Modelmg, O one, KO water.

“2001; Scouten and Beuchat, 2002). Although good manufac-
turing practices (GMP$) and Hazard analysis and critical con-
trol  point- (HACCP) approaches can reduce the risk of

- contamination; there is a need to find effective methods to
further minimize sprout-associated illnesses (Federal Regis-
ter. 1999). Ozone and electiolyzed oxidizing (BO) water have- -
cmerged as potential sanitizers for decontamination of alfalfa
seeds and sprouts. Both reduce. the probability of develop- -
ment of potentially carcinogenic residues. assoctated with
some other treatments such as 20,000 ppm chlorine (Kim et
al.; 2000; Sharma et al,, 2{)()2; Sharma and'Demirci, 2003;
Stivarius et al.; 2002):

-~ Qzone is a strong anttmicrobial agent with high mactmw
and - spontaieously  decomnposes to a-nontoxic product {ie.,

n increase in the conswmption” of raw sprouted
seeds; especially those of alfalfa, has been paral-~
leked by an upsurge in the number of foodborne
| . discase outbreaks inrecent years {Taormina et al.,’
1999 Fu et al,, 2001; Lee et al., 2002; Suslow et al., 2002).
Seeds dre attributed to be the main source of contamination
~ of sprouts, although pathogens may also be introduced during
sprout” production; - harvesting,. storage, - or. transportation
{(NACMCE, 1999; Holliday et al., 2001; Soylemez et al.,
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_ oxygm) 1t has beenused with varied success to inactivate

MACTOoTganisms. on foods such ay meat, poultry, egas, fish,
fruits, ‘and vegetables (Graham,- 1997, Kim et al., 1999a,
1999h; Stivarius et al.; 2002). Relatively low concenirations'
of ozone and short contact times are-sufficient to inactivate
bacteria, molds, yeasts; parasites, and viruses in aguecus.
1999h). However, the presence of
food contributes Organic mattér and méy it the accessibil-
ity of ozone to surface and subsurface contaminants, such as
those in the crevices of seeds and spremb theteby varving the
inactivation kiftetics (Kim et al., 1999a). '
Electrolyzed: oxidizing water is generated by the clLLtmL

ysis of NaCl solution in a chamber. where the anode and

cathode electrodes are separated by a membrane (Park et al.,
19993, The - disinfection
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Ccapabilities of BO water depend on its oxidation-reduction.
- potential (ORP), low pH. and the presence of hypochlotous _
acid (HOCYH and hvpoghlontc ions. These tactors are in furn .-

influenced by the corrent input 1o the EO water generator
Despite the research-conducted to investigate disinfection

p@tenmal of - ozone ‘and  EQ - water- fof “inactivation -of -
" microorganisms on fresh foods; an understanding of the’

' conmbunons of individual factors limiting microbial growth

: ~and providing safe food products: is- inadequate (Roberts,.
1997 Models developed: for microbial death kinetics™ in

_ braths have been found to be inappropriate for food systems,
-~ which- are far more complex than broths (McMeekin et al.;

1997; Seman et al,,
" classified primary models, such a8 the Monod (first. order
kinetic) model, .as -those descnbmg the: initial “‘microbial
population, . lag time, growth/death rate;. and - maximiom

- population density. The inactivation of Listeria monocyto:

genes i milk and pork treated with high pressure. was

- analyzed by the first-order kinetic equation in combination
- with the Arrhenius model for determining a pressure-depen-

dent rate-Constant (k) (Mussa et al., 19994, 1999%).: Ludik-

~ o huyze cetal: (1998) predicted inactivation of soybean |
- -lipoxygenase under dynamic conditions using' the Monod

“model with a modified rate constant describing the ¢ombined

- Polynomial models based on response sturface methods

~involve simultaneous- determmd(zon of the interactive effects
cof various. factors - (McMeekin: et al,, 2002} Seman et al.
(2002) showed that under the conditions tested, a-central

. composite - second-order response -surface “model - (RSM):
ocould be g useful tool 10 estimate the amounts of sodium

- diacetate, sodium, chldride, and-potassium lactate required to
- inhibit the growth of L monocytogenes in meat products.”

RSMs proposed by Pond et ak. (2001) were based on lineat,

5aUsages.

A predictive model emmatmg the inactivation kmeucs of -
E.eoli O13T:HT on alfalfa. sprowts, as a. function of
concentration of the bactericidal agent in treatment solution,.

woulld be beneficial to-sprout producers in-evaluating the -

efficacy of sanitizers. The objective of this study was- 1o
~integrate food microbiology, enginecring, and statistics, and

develop - prediction models  (modified Monod model and..
RSM) on inactivation of E. coli. O157:HT on aEfaifa sceds :

' Wlﬂ’l 0701‘18.!6(1 and EU water.

- MATERIALS AND METHODS

' © PREPARATION o E. cout O157: H7 INOCULUM

- Five strains - of | enterohemorrhagic E. coli O157:H7
~resistant to nalidixic acid were obmlnul from the Center forf
Food Safety. University of Georgia. The strains -were; 932
(human. isolate), 994 -(salami isolate), FOOIR (calf focal

isolate), H1730 {human isolate from an outbieak associated-

“with lettuce), and F4546 (human isolate from. an- outbreak
assoctated with alfalfa sprouts). Cells were grown in tryptic
soy - broth - (Difco, - Detroit,  Mich.y “supplemented with

150 peg/ml nalidixic acid and 0: 1% dextrose (TSBN) at 37eC )

2002). Whiting and Buchanan (1994) -

‘thyl-p-phenylenediamine - ferrous

for 18 k. The use of nalidixic acid minimized growth of. .

microorganisms other than E. coli 0157:H7 in enureration
mediz. used to- determine populations of the pathogens on

“inoculated. seéds: A mixture of the five E.-coli-O157:H7

strains: was prepared by combining 100 mL. of each. 18 h-

Cculture and . centriftiging (Sérvall  STH750, Kendro. Lab
Product, Newtown, Conn.) at 3

 superniatant was decanted, and the pellet was resuspended in
300 mb of sterile 0.1% pupt{)m ‘water before centrifuging .

Cagain ar 3,300 x g for 15 min at 4°C. The pelict was then :

_ tesu&p&nded in 1 L of stenle 0.1% peptone water.

3005 g for 15 min at4°C. The

INOCULATION OF ALFALM SE,ED‘:
Noii-scarified alfalfa seeds (Lot No TY "') WETE ubscant:d

from. International Specialty -Supply. (Cookeville; Ténn.).

One kilogram of alfalfa seeds was poured into a 2 1, beaker

cotitaining- 1L of the five-strain suspension of "E coli

O157:H7 (~10% CPU/mL) and sosked for I min with
continuous gentle,” manual agitation using a stirring. rods
After the suspension cell solution: was decanted, seeds were .
placed onv a sterile perforated tray Hned with four layers of

cheesecloth. and dried in u laminar flow hood at room.

temperature’ {21°C +1°C) for 24 h. Driad seeds with ~105

CCFU of E. coli O157:H7 per gram were sealed in plastic
effect of pressure and tempetiture. Stone eeal: (2002), ina o
nuclear magnetie study of hydrotysis of pyruvic acid, used
- Lorentzian fit for. predicting hydrogen ion concentration.

Ziploc bags and stored at 4°C untif used within one week.

PREPARATION OF OZONATED WATER o :
Ozone gas (0.34 m/h) was generated using a lab-scale -

_ozone generator (miodel H-50, Hess Machines International,

Ephrata, Pa.) equipped with-an oxygenr concentrator. Two.

firers of sterile deionized water, at 4°C ina. 2-L Brleameyer ..
- frask. fitted with a silicon stopper, inlet, and exit lines; was .
‘sparged with ozone through a 10 {im stainless steel sparger for

1'h, to-attain 21 ppm agiieous ozone. The tndissolved excess

ozoug gas was passed through 2% potassium fodide solution

: o prevent it from being released into the environment. The -
~c guadratic, and interactive effects of pH, a,.. and time. They " ¢pa
showed goncﬁ correlation between observed and- predicied:

“reductions: i in popu}atmns m‘ E. (olz 0137 H’? n umookc‘d_

sparging provess was performed in a fume hood for safety

-purposes..'Tit addition, the temperatuse of vater during -

czonation” was. maintained at 4°C,. since the s@lu‘mhty of
OZOn€ incréases with decreased temperature. The ozonated -
watér 5o prepared was then diluted with sterile- deionized
water to obtain desired concentrations for: treatments; The -
concentration. of ozone 1 the water was determined by diréct
measureiment of UV absorplion at 238 jHiRE desc,nbed in

Sharma et ai (”GOZ)

PREPARATI{)N or BLECTROLYZED OXiDIZING WaTER e
. FElectrolyzed oxidizing water was produced ‘with an EOQ

water generator (model ROX 20TA, Hoshizaki Elecuic Co.
Lid.; Sakae, Toyoake, Aichi, Japan}, A centinuous supply of

deionized water-and 12% sodium chlortde solation at room

- temperiture 'was pumped into the squipnient operating at &,

14, or 19 AL The pH and ORF of the EQ water were -
determined with a pEVORP ‘meter (model pi 430, Cofning,
Ing., Corning, NUY.) using appropriaté ol or ORP probes.

-The pH of acidic EG water uged in the study was 2.5, and the

ORFP was: 1,150 mV. Total and free chlorine were determined
using the total chlorine test Kie and DPD-FEAS (N; N=die-
ethylenediammoniany-
sulfate) test kit,. respectively, sccording to manatauturer 8
desmptmn (Haah Co., Ames, {ewa)
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Fable L Experimental design for szonated
and B4 water treatiment of alfaify seeds,
: - Treatient thne {min)
: g 2. 4 816 CEd
,{}me conc. - A B 48, 48, . 4,8, 48 48, 4,8,
{ppimn} 00T 10,21 10, 2018, 200 10, 20 10,21 10, 2t

Currenit . 6,14, 0.6, 14, 6,14, 6,14, -6, 4, 4 ;é,_ 8, i4;
levely (A} 19 19 e 1 [ENNNE T 1}

9
[

e I‘RM;MEW oF &1 FALFA Smm
Ogonated Water

— Twenty-five " grams of. iﬂocalated' alfalfa secds were

soaked 1 L of ozonated water with continnous agitation

psing a motorized stirrer rod at aspeed setting of 2 (model
4554-00, Cole Parmer, Bardugton, IiL). To investigate the
effect of ozone concentration on lethality to £ coli O157:H7,

wilter initially containing 4, & 10, 6r 21 ppm ozone was used.:

These concentrations enabled-a study of the effects of 4 range
of ozone concentrations that could be produced with the
~lab-scale ozone generator. Twenty -one ppny was the highest

- 0R0ne concentrafion that could be achisved in a reasonable

sparging time of bl Alfalfa seeds were soaked i ozonated

water at each-concentration of we::nf: for 2,4, 8, 16,32, aud

64 min (table 1),
Elécszyzed Oxzdzzmg Waiter

Twemy tive grams of inoculated altalm &c.eds mrﬁl.

- treated i 1 15 of acidic BO 'water with continuous aghation

“using a motorized stirrer rod at 4 speed setting of 2 {model -

. 4574 00; Cole Parmer, Batrington, IL). Three current levels

. for the BO water generator (6, 14, and 19 AY were used o+
Cstudy the Lﬂ‘ia{mv of various BO water: chama!ertsins of
viability of £ coli O157; 7 on the seeds; Inputof 14 A was
recommended” by the manufacturer for optimum operation,.
- while 6 and 19°A were-tested fo deternmine the effects of -
exireme freatment conditions and for Lomp‘mﬁen to efficacy- .
~data reporied by other researchers. It is convenient during -
convnercial apphcatmn 1o use amperage rather than chiorine -
mncentmwn as the pa,mmetef of i mterest At aauh amperage -

level, treatments were adminisiered for 2, 4. 8, 16, 32, and
o4 min to determine the effect of treatment tme (table 1)~
Befote and after. the treatment, the total and free chictine
“concentrations in the BO water were determined: The. tofal
-+ chlorine concentration before treatment ranged from 12 to
90 ppan,. wihitle the free chloring concentration was. 16 to
- 80 ppin. Aftor treatment, the residual total chlorine was

- betweeir. 3 and 69 ppm, dependmg on treatment time: There_ '

was no free c,memna pusmt in the watet.

MICR{)!SE{)EO{H{?AL ANAM’SIS _ : : '
To determine. the population of E dofi O157:H7 oa
\ 'imtrezmd seeds {inital county, 10 g of inocidated seeds were
soaked:in 40l of sterile 0. 1% peptone wiiter i & stomacher
- bag for 2,4, 8, 16,32, and 64 inin: After pummelling the seeds
cab 240 rprin for 30 s a4 stomacher (model 400, Seward
Medical, London, UK., the "wash solution” was serjally -
dituted in sterile 0,19 peplone and surface plated (0.1 mL)
in duplicate on wyptic soy agar supplemented with 50 ng/ml. -
nafidixic acid- (TSAN). After incubating st 37°C for 24
presumptive £ coli O137:H7 colonies were eriumerated,

- Populations of E: coli Q157:H7 on the ozonated of EO
water treated sceds were determined by placing the treated
seeds (25 g)in 100 mi of sterile 0.1% peptone watet followed

by stomaching for 30 s, serially dituting in 0.1% peptone, and

samples of peptone water from untreated and treated seeds -
were tandomly picked and subjected 1o . coli O157:H7 fatex
agghitination test (Remel Macraﬁ:}m!ngy Pmdue,ts Lene\:&,
- Kansasy for confirmation.
- Sierile deionized water was used as 4 mmml mwtment
using the same freatment time and agitation mndmmm Ea@h
: expertmcm was rephm&d three times.

ANAS VSIS OF DAM AND MODEMNG :
Models were “developed using data from expmmen&s

in kitling & coli Q157:H7 o inoculated seeds. The Manod

N =final pathogen population”

No= el pathogen popuiation

T & =0ppm .

1 ¥= -02337Ln(x) -0.1513
F=0sss2

0 =4 ppm

|y =-0289LA(x) <0.1773
| =083 o

4 =8ppm

y= 0.2817Ln(x} - 0388
FE = 0.9585

Log NN

X =i0pom -

v 0109 Unlx) - 0644

Fe = 0.7039
S Qw21 ppm

y = -0.2378Ln{x) -0.5813

o .10 20 0. 4n 50 6070

Time (msn)

R 06753 ¢

kxgure 1N Luganthxm& mgressiem of mm srenve i fnal am mltia! p(xp:ﬁ.stmn of £, ¢ m‘z (,)}.57 M'f on ;ﬁtalid seeds »im ume at varying puoie conoinira.

tions durmg oronated waier ll‘ﬂlh}lcili
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| ex;:xeﬂmema!
L predicted

o goes éacay exponenuaﬂy w h &me( chmam} 1998) In oth~ of cxpemnmtal iﬂg]@VA’Ng )
gt words it desmbes a vanabie Mmse va]ue toﬂows an ‘1 Omnated waler ot ampemge {A) For LO W @:c wuh;
3xpenential rela Lres ; i ~ O
: ' ae_l dtion stadles has ﬁot.been mvesttgated S

i gmsgmn sy
shaped pmbabti;ty dasmbutmn with'infinite variance, could
- provide useful predictions of unknown variables: The three
i purameters in equiation 2 (a, b; and: X hwer ] mmed uqmg “

- the experimental rate constant (k) and time (&) for both 070~

: nated dnd E() water' The valu@s wcre qubstltuted in the Ma_ S

= .whc:re N is {he number at mmmorgamsam dt nme r &ﬂd i b : EF
. ".'and Xoare reggressmn constants: Z\L, is-the. mmal pathogen s e, -

: D pu}&men Amﬁym showed that 32 and- 64 min: Dmne”":();b’? T (bgmN/Ng) on &lfaifﬂ seeds trea%edj ] =
treatrnents D were: ot significantly - dlffelent friom 1B mm'}_:}water at-initial ozong concentrations of 0, 4, 8, 10, and 21 ppm Fn
- treatments; hence, the d&td beyond 16 min were not used for - for up to 64 min are presented in figure 1. Regression. analysis ©

: :mociehﬁg .‘aimﬂaﬂy, mr EO W' c,r_ iag;oN N values for. ."[(MK:I’OSOTt Excel 20000 of vahies: fmm treatments witheach o0

: : e ~oozone concentration level showed k_that\lo wN!NO fnlk)\mtd Ao
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o logarithmic trcnd with time. An. anaivsas ot the siopeb :
- between - N/N, values-at various time intervals showed that

there was no-significant difference (P < 0.05).in values for

treatments beyond 16 min (Sharma et al,, 2002); hence, only .

values for 2, 4, 8, and 16 min were used for made]mg
Mudified Monod Madel

“Tn this approach, a modified form of the first- ordcr Monod

model developed. by using ‘Lorentzian regression was wsed
for predicting the rate of activation (dc&th) of E. coli

O157:H7. The mode! could be used to predict logioN/N,

values for specific ozone concentrations: up to 8 ppm.
- Lorentzian regression was performed betweefr the -expeti-
- mental rate constant (k) and treatment time (£) (fig- 2). The
. robustness of o Lorenizian . function eliminates. $trong
influcrices of ‘extreme outliers by -iteratively discarding the

il1-fitting data points (NYU, 2002).- A - good - correlation

between experimental and ‘predicted & value was observed

C(R? . =0.971). The ‘equation for % was substituted into the

first-order eguation to obtain the following form:

éﬁ{_:_- . N

i e Y
_ N Raai?
The final model has the form as given by equation 3:

: mémf—:'-a*[atén((z.-nx(,ﬂb;*bmmﬁ(g/b)*b] @)

g

‘where. @, b and x,. are regression constants at fixed vzone - -
gives the values-of the regression .
constants. As the ozone concentration increases. beyond-the -

" concentration.. Figure 3

threshold concentration of 4 ppm, o increases. The rate of

~inactivation s more rapid at higher concentrations of ‘ozone .
and is assoclated- with- greater 'values of term a: From: "
2, for copstant a, 1, and x,, decrease in b wonld result -

equation.
in-decrease in k. However, résults indicate, that & increases

when b decreases. Statistical analysis of experimental data.
. showed that longer meatment time did not result in signifi- -

cantly higher numbers of 'E. coli O157:H7. inactivation;

hence, it may be interpreted:that b, which is a time-related- "
_parameter, does not have a significant effect on k.. Additional-

: where v = logipNIN; for E. coli O157:H7 on alfalfa seeds, o,

¥y, xp, which s an oﬁset term for I3 may peutralize the effect

Cofdbo

. ~The model was validated: by back pmdmtmz, Eugmeh(,
[ alues resulting from treatments with 0, 4, 8,710, and 21 ppm

ozons and correlating them 1o the experimental data. A linear’
regression resulted in R2of 0.941, 0.817, and 0. 629 for 0, 4,

and 8 ppm ozone, fespectively (ﬁg 4). This indicated that'at

higher ozone concentrations, the mode! could not sufficiently

cxplam the. variability in logpNV/N, values. Therefore, the

.. model can be used with confidence for ozone cangemratmm -
~below 8 ppm. . .

" Response Surface Model
- RSM analysis with uncoded units (Pond et ai 2001) was
~used to predict the log oMM, for E. eoli O157:H7 on alfalta

seeds treated with oronated water for up to- 16 min (fig. 3).
A single equation was applied to tigatments at five different
orone concentrations and five different times, untike the pre--.

vious approach. Variables used-to develop the model in-

0.00 - s S
500 . el
Sptran /
45,00
20,00 i i . L
TG 2 ) 6 T G0

8.00

440

o E 4 TR TR T
: : qung conc. (ppm;}

5 400 \ A
2,00 \ ;
0.00 g e

o T B - INEREE: 10
) Ozone cone. (ppim)

L Dzong cone. (ppm)
Figure 3. Lorentziaw constants (a; B, and x,) to prediet £ for treatment of

alfaila seeds with gzonated water at initial concentrations of 0, 4, and -8 -
PRI ‘ ‘

chided time of treatment, £ {min),- and ozone cohéeﬁtration o
(ppm) The general equation for the model was of the form:,

2

y = Cto + X+ Gezxz 3 Dtgxr‘ + QAR ¥ Ji5X1X2 :

is the constant-term, 06y 5 are the cogfficients, x1 is the initial -

concentration . of ozone- in . water, #iid x> 15 the time of

treatment. The data for treatments with 0, 4, 8, 10, and 21
ppm ozone. were -used o develop ‘the model, and the -
prediciability of the model was Vahdated b} bac,k pmduﬁmg

logioN/N, values.” .~ '

iogmNmf = 010:;1 00534ppm 0()891r

4 0.009ppm? +(}40023I”+0‘60241)pm><l @

' Fhe model represented fw equétiOn 4 demonsirated a good '
correlation of 0.848 and slope'of 0.99 between the &Lmﬁi and

predicted diffsrerices in final and initial populations of E, coli. - -
O157:H7. Analysis of variance of log igN/Ny showed thatall "

. linear; sgquare, and interaction terms h‘ad 2 slgnificant effect

(P < (.05) on the predictive capability- of the model . '

-~ R7362-05



.00

ERETCNE ISR e S =0ppmit
g —, y=140210
£ 200 ‘ o R = 00411
RS S A .

23.00 IR G =4ppm .

= / R VAT

8 400 | R=0.8172
- A =8ppm .

cCE00 Y = 4.7854x

r A Fe=0620""
700 . - i
LD T D80 - 080 040 D20 000

1,20

. Expenmental oy mN{Nc

' i‘!é'lil‘e #. Lipear reg,remmn of expenmental VA. Loremzian pred:cted differenice in final 3nd inftial pnpuiamn of F. ﬁolz 0137: H‘? on aifaifa ﬁeads Iﬂéatﬁd B

with ozonated water at initial concenty atmﬂs of t, 4, and 8§ ppm

. VIODELS roR ELECTROLYZED OXIDIZING WATFR
. TREATMENT OF ALFALFA SEEDS . : :
“Treattaent of inoculated alfalfi-seeds thh_ EO - water
generdted at variou$ amperages resulted in-a logatithmic
. relation between log[pN/N,, and- timee -of treatment (fig. 6):

- The: slopes between N/N,; 'valtes at treatment. times. up to. -~
64 min revealed that there were no significant effects (P>

- (.05y of teatmertits longér than 32 min (Sharma and Demircy;
- 2003}, Therefore; the- ddta- were trusicated, ‘and log1oV/A;

- values for treatmiént times of 2, 4,8, 16, and 32 min were used:

for d@velopm@m of models
' 'M‘ﬂdzf‘ ied Monod Model

A modified first-order death kinetics model for £ coli
O157:17 on alfalfa seeds. treated -with. BO water was’
developed. for 0,6, 14, and 19 A" As'in the case of

~ozone-treated. seeds; the equation for Lotentzian. regression
~ between the tate constant (k) and’ Greatment time. (r} was

- integrated into the first-order Monod model (eq. 3). The -

regression constants determined‘az each A level are presented
- i figure 7. Trends iltustrate: that -for BO water treatments
{excluding the control), @ decreases; while b ncreases with

“increase in"A. Similar to the modeling outcome of ozonated

- water treatments, g is the predominant parameter influencing

k. The rate constant decreases with decrease in g, while

change in b does not significantly affect k. :

: . Validation of the model by back predlctmn of fog; )N/NO
values for E. coli O157:H7 populations showed that at higher

028

038

ETLES

) . s D55 .
Log N/No .85
O I it
0,85

005

408

Timie (m!ﬁ}

. ampéraée input levels, the model tended o ﬁﬁderpi‘édict. -

Lingar  regression between - expetimental and - predicted

- values gave R? values'of 0.872, 0,784, 0,584, and 0.9042 for.
-0, 6,14, and 19 A, respectively (ﬁg 8)

Response Suifczce Model

atfalfa seeds at four A levels and five contact times with'a -

-single equation. The: model (eq. -5) included amperage (A

inpui for BO water generation-and tredtment firre: (). as the
parameters - for: prediction of difference in ﬁnai and initial
pepu}anon of E. co[z QI5THT.. \

~logyg N/ N, ww0116 00191A 0.075%

+0. 001042 40, 0016Ar° +0. momr RO

The r‘cs‘ponsc surface dzagram in figure, 9 shnws that the
difference in final and initial populations of E. coli G157 H7
increases directly withiincrease in time. Analysis of variance

.-of the terms showed: that the linear, quadratic, and interaction .
‘terms involving A were not significant (P> (105} Neverthe-

less, they were Tetained since A input was a factor of concern -
in this study.-A coefficient of determination of 0.815 berween

-the-experimental logoN/N,, values, A-and time, indicated
that 82% of the sample: varlaﬂ()n could bb e‘(plmned by Ihe
mode} .

- 0" Qzone cone. (ppm) s

: hguw 5 ‘Rebponse surface (’laagram generated usmg ozone concentiations. of 0, 4, 8 _E(}, and 21 ppm for the effect of time (mm) aml concentrationon .

sungwe for E. coh O18§7:H7 on alfa]fa b(,‘(-db
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Figure 6. Logarithmic regression of difference between final and initial population of E. coli O157:H7 on alfalfa seeds versus time for treatment with

EO water generated at various amperages.
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Figure 7. Lorentzian constants (a, b, and x,) to predict k for treatment of
alfalfa seeds with EO water generated at various amperages.

The RSM was validated by linear regression between the
values predicted by the model and corresponding experimen-
tal data. A good correlation (R2 = 0.862) and slope of 0.95
were obtained between the values, thus showing good
predictive capability of the model.

CONCLUSIONS

This project aimed at providing models useful to sprout
producers for assessing the safety of alfalfa seeds and the type
of ozonated or EO water treatment required to inactivate
E. coli O157:H7 on alfalfa seeds. The models have been
validated and are expected to give reliable predictions in the
specified ranges. However, it should be noted that the results
used for developing these models are specific to the products,
techniques, and E. coli O157:H7 strains used in this study.
Results may vary under different testing conditions (Seman
et al, 2002). Extensive investigation of factors such as
moisture content of seeds, the ability of the acting agent
(ozone/free chlorine) to penetrate the seed surface, and seed
size will be required to develop reliable models. Neverthe-
less, deviations of predicted values relative to observed data
do not necessarily imply that the model is faulty; rather, it
emphasizes a lack of in-depth knowledge about the biologi-
cal/food system and its response to antimicrobial treatments
(McMeekin et al., 1997). In conclusion, further research is
required for development of models that precisely predict the
inactivation of pathogens on alfalfa seeds subjected to
ozonated and EO water treatments, thereby overcoming the
concern of over- or underprediction.
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